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(54) Method of manufacturing electron-beam source and image forming apparatus using same, 
and activation processing metliod 



(57) When manufacturing an electron-beam source, 
an activation is performed. The activation generates 
activation materia! at a plurality of electron-emitting 
devices, by dividing the plurality of electron-emitting 



devices into plural groups and sequentially applying 
voltage to each group. 
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In these conventional SCE type eledron-emitting 
devices by M.Hartwell and the others, typically the elec- 
tron emission portion 3005 is fcxmed b>y performing 
electrification processing (referred to as "forming 
processing-) on the conductive thin film 3004 Ijefore 
electron emission. According to the forming process, 
electrification is made by applying a constant direct cur- 
rent where vottage increases at a very slow rate of, e.g.. 
1 V/min., to both ends of the conductive film 3004. so as 
to partially desti-oy or deform the conductive film 3004, 
thus form the election emission portion 3005 with elec- 
ti^ically high resistance. Note that the destroyed or 
deformed parts of the conductive thin film 3004 have a 
fissure. Upon ^ication of appropriate voHage to the 
conductive thin film after the forming processing, elec- 
tron enwssion is made at the fissures. 

The above-described SCE type emitting devices 
are advantageous, since they have a simple structure 

oec oy w.r. uy^ c and they can be easily manufactured *erefore n«.^ 

Advance in Elitron Physk^. B. SB 20 devices can be 



Description 

RAP.KGROU Mn nFTHF INVENTION 

This invention relates to a method of nranufacturing 
an electron-beam source having a plurality of electron- 
emitting devices and image forming apparatus using the 
elecb-on-beam source and. and activation processing 
method. 

Conventionally, two type of elertron-beam sources, 
namely thermionic sources and cold cathode electron- 
beam sources, are known as electron-emrtting devices. 
Exairples of cold cathode electron-beam sources are 
electron-emitting devices of field emission type (herein- 
after abbreviated to "FE"). metaWnsulator/metal type 
(hereinafter abbrewated to "MIM") and surface-conduc- 
tion emission type (hereinafter abbreviated to 'SCE"). 

Known exanples of the FE type electron-emitting 
devices are descrbed by W.R Dyke and W.W. Dolan, 
"Reld Emission", 

(1966) and by C.A. Spindt, "Physical properties of thin- 
film field emission cathodes with molybdenum cones", 
J. Appl.Phys , 47,5248 (1976). 

A known example of the MIM type electron-emitting 
devices is described by C.A. Mead, "Operation of Tun- 2 
nel-Emission Devices", J. Appl. Phys.. 32,646 (1961). 

A known example of the SCE type electron-emitting 
devices is described by. e.g.. M.I. Elinson. "Radio Eng. 
Election Phys.. 10. 1290 (1965) and other examples to 
be described later. ' 

The SCE type electron-emitting dwice utilizes a 
phenomenon where an electron emission is produced in 
a small-area thin film, which has been formed on a sub- 
strate, by passing a current parallel to the film surface. 
As the SCE type electron-emitting device, electron- 
emitting devices using an Au thin film, an IngC^ Sn02 
thin film a carbon thin film and the like are reported by 
G Dittmer. -Thin solid Films". 9.317 (1972). M. Hartwell 
and C.G. Fonstad. "IEEE Trans. ED Conf ". 519 (1975), 
Hisashi Araki et al.. "Vacuum", vol. 26, No. 1, p. 22 
(1983), inaddition to an SnOs thin film according to Elm- 
son mentioned above. 

Fig. 34 is a plan view of the SCE type electron-emit- 
ting device according to Hartwell and Fonstad 
described atjove. as a typical example of device con- 
struction of these SCE type electron-emitting devices. 
In Fig. 34. reference numeral 3001 denotes a subsh-ate; 
3004. a conductive thin film of a metal oxide formed by 
spattering, having a H-shaped pattern. An electron 
emission portion 3005 is formed by electrification proc- 
ess referred to as "forming" to be desaibed later. In Fig. 
34. the interval L is set to 0.5-1 mm, and the wkJth W is 
c.f4 to 0 1 mm Note that the electron emission portion 
3005 is shown at ^oximately th center of the con- 
ductive thin film 3004, with a rectangular shape, for the 
convenience of illustration, however, this does not 
exactly show the position and shape of the actual elec- 
tron emission portion 3005 



closed in Japanese Patent Applkation Ukl-Open No. 
64-31 332 by the present applicant, a method for arrang- 
ing and driving a tot of devices has been studied. 

Regarding applicatkxi of SCE type electron-emit- 
ting devices to. e g., image forming apparatuses such 
as an image display apparatijs and an image recording 
apparatus, and elech^on-beam sources have been stud- 
ied. 

Especially, as applrcation to image display appara- 
tuses, as shown in the U.S. Patent No. 5, 066, 833 by 
the present ^licant, an image display apparatus using 
the combinatton of a SCE type electron-emitting device 
and a fluorescent light-emitting device which emits light 
upon reception of electronic beam has been studied. 
This type of image display apparatus is expected to 
have more excellent characteristic than other conven- 
tional image display apparatuses. For example, in com- 
parison witti recently focused liquid crystal display 
apparatuses, the above display apparatus is supertor in 

I that it does not require a backlight since it is a self light- 
emitting type and that it has a wide view angle. 

Ttie present inventors have examined various SCE 
type electron-emitting devk:es having vartous struc- 
tures, of various nrateriab, according to various manu- 

5 facturing methods. Further, the inventors have studied 
an elecb^on-t)eam source where a large number of SCE 
type electi^on-emitting devices are ananged, and an 
image display apparatus utilizing the election-beam 
source. 

0 The inventors have also examined an electi^on- 
t>eam source by an electrical wiring method as shown in 
Fig 31. The electi-on-beam source is constructed by 
arranging SCE type electi-on-emitting devices two- 
dimensionally, into a matrix. 

i5 In Rg 31, numeral 4001 denotes SCE type elec- 
tron-emitting devices, 4002, rowKlirection wiring, and 
4003. column-direction wiring. The line-and column- 
direction wiring 4002 and 4003 actually have limited 
elechic resistances, however, in Fig. 31, the electric 



2 



EP 0 726 591 A1 



resistances are irxlicatecl as wiring resistarx:es 4004 
and 4005 The wiring in Fig. 31 is referred to as "simple 
matrix wiring". 

Note that In Fig. 31, the electron-beam source is 
shown with a 6 x 6 matrix lor the convenience of illustra- 
tion, however, the matrix size is not limited to this 
arrangement but may t>e any size as far as the matrix 
have devices of a number lor a desired image display in 
case of, e.g., an electron-beam source for an image dis- 
play apparatus. 

In the electron-beam source having simple-wired 
surface-conduction electron-emitting devices as shown 
in Fig. 31. to output a desired electron beam, appropri- 
ate electric signals are applied to the line- and column- 
direction wirings 4002 and 4003. For example, to drive 
SCE type electron-emitting devices in an arbitrary one 
line in the mafrix, a selection voltage Vs is applied to the 
row-direction wiring 4002 at the line to be selected, at 
the same time, a non-selection voltage Vns is applied to 
the row-direction wiring 4002 at the lines not to be 
selected. In synchronization with this operation, a drive 
voltage Ve for outputting an electron beam is applied to 
the column-direction wiring 4003. According to this 
method, if voltage down by the wiring resistances 4004 
and 4005 are ignored, the SCE type electron-emitting 
devices of the selected line receive a Ve-Vs voltage, 
while the SCE type electron-emitting devices of the non- 
selected lines receive a Ve-Vns voltage. If the voltages 
Ve, Vs and Vns are respectively set to an appropriate 
voltage value, an electron beam having a desired inten- 
sity is emitted only from the surface-conduction elec- 
tron-en»tting devices of the selected line. Further, if 
drive voltages Ve's of different values are applied to 
respective wire of the column-direction wiring 4003, 
electron beams of different intensities are emitted from 
the respective devices of the selected line. As the sur- 
face-conduction electron-emitting devices has a high 
response speed, an electron-beam emission period can 
be varied by changing an application period of applying 
the drive voltage Ve. 

Thus, the electron-t»eam source having a sirrple- 
matrix wired SCE type electron-emitting devices pro- 
vides various possibilities of application. For example, it 
can be used as an electron-beam source for an image 
display apparatus if appropriate application of an elec- 
tric signal is made in accordance with image informa- 
tion. 

However, the above electron-beam source actually 
tias a problem as follows. 

That is, regarding surface-conduction electron- 
emitting devices used in an image forming apparatus 
and the like, further increase of emission current and 
imnrrwpmont nf emission effidencv are desired. Note 
that "efficiency" means a curr nt ratio of current emitted 
in vacuum (hereinafter referred to as "electron emission 
current le") with respect to current that flows when a 
voltage is applied to device electrode of each of surface- 
conduction electron-emitting devices (hereinafter 
refen^ed to as "device current If"). 



SUMMARY QF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a processing method for increasing emission 
current of an electron-beam source having a plurality of 
electron-emitting devices. 

Another object of the present invention is to provide 
a processing mettxxl for performing the above process- 
ing in a shiort period. 

Another object of the present invention is to provide 
a processing method for uniforming emission current 
chiaracteristics among a plurality of electron-emitting 



According to the present invnetion, the above 

15 Objects are attined by providing an electron-beam 
source manufacturing method comprising an activation 
step of generating activation material at a plurality of 
electron-emitting devices, by dividing the plurality of 
electron-emitting devices into plural groups and 

20 sequentially applying voltage to each group- 
Further, the present inventfon provides a method 
for manufacturing an image forming apparatus which 
comprises an image forming unit for forming an image 
by irradiation of electron beams from an electron-beam 

25 source having a plurality of electron-emitting devices, 
wherein the electron-beam source is manufactured in 
accordance with the atxjve method. 

Further, the present invention provides an electron- 
beam source activation method for activating an elec- 

30 tron-beam source having a plurality of electron-emitting 
devices comprising an activation step of generating acti- 
vation material at a plurality of electron-emitting 
devices, by dividing the plurality of electron-emitting 
da^ices into plural groups and sequentially applying 

35 voltage to each group. 

Other objects and advantages besides those dis- 
cussed above shall t>e apparent to those skilled in the 
art from the description of a prefen^ed embodiment of 
the invention which folkws. In the description, reference 

40 is made to accompanying drawings, which form a part 
thereof, and which illustrate an example of the invention. 
Such example, however, is not exfiaustive of the various 
entxxSments of the invention, and therefore reference 
is made to the claims wrtiich foltow the description for 
45 determining the scope of the invention. 

RRIFF nF.qr.RIPTION OF THF DRAWINGS 

The accompanying drawings, which are incorpo- 
50 rated in and constitute a part of the specification, illus- 
trate enrtodiments of the invention and. together virith 
the description, sen/e to explain the principles of the 
invention. 

Fig. 1 is a t>lock diagram showing the construction 
of an activating device of a multi SCE type electron- 
emitting device according to a first embodiment of 
the present invention; 
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Fig. 2 is a detailed illustration o« a line selector in 
•^ •9 

Fig. 3 is a timing chart showing timings of line 
switching according to the first embodiment. 
Fig 4 is a t>lock diagram showing the construction s 
of the activating device of the multi SCE type elec- 
tron-emitting device according to a second embod- 
iment of the present invention; 
Fig 5 is a timing chart showing timings of line 
switching according to the second embodiment; io 
Fig 6 is a block diagram showing the construction 
of an activating device of the multi SCE type elec- 
tron-emitting device according to a third embodi- 
ment of the present invention; 

Fig. 7 is a timing chart showing timings of line i5 
switching according to the third embodiment; 
Fig. 8 is a perspective view of a display panel 
enployed in the embodiments; 
Fig 9A and 9B are explanatory views showing 
arrangement of fluorescent substances and black 20 
conductive material 1010 on a face plate of the dis- 
play panel in Fig. 8; 

Fig. 1 0A is a plan view showing the structure of a 
flat SCE type electron-emitting device; 
Fig 10B is a cross-sectional view showing the 26 
stmcture of the flat SCE type electron-emitting 
device; . . 

Figs. 1 1 A to 1 1 E are schenwtic views explaining a 
manufacturing processes of the flat SCE type elec- 
tron-emitting device in Figs. 10A and 10B. 30 
Fig 1 2 is a line graph showing an example of a volt- 
age vraveform applied from a forming power source 
1110. 

Fig 13 A is a histogram showing activation 
processing upon theflat SCE type electron-emitting ss 

device; . 
Fig 138 IS a histogram showing the activation 
processing upon a stepped SCE type electron- 
emitting device; 

Fig 14 is a cross-sectional view of a typical struc- 40 
ture of the stepped SCE type electron-emitting 
device; 

Figs 15A to 15F are explanatory views showing 
manufacturing processes of the stepped SCE type 
electron-emitting device in Fig . 1 4 ; 
Fig 16 is a line graph showing a typical example of 
(emission current le) to (device application voltage 
Vf) characteristic and (device current If) to (device 
application voltage Vf) characteristic of the device 
used in a display apparatus; ^ 
Fig. 17 is a plan view of a multi electron-beam 
source applied to the display panel in Fig. 8; 
Pin 1 R is a rrncL<;-<;pcfional view cut out at A- A' lines 
of "the mufti electron-t)eam source in Fig. 1 7; 
Fig. 19 is a block diagram shoving a schematic 55 
construction of an electric circuit for performing acti- 
vation according to a fourth embodiment of the 
present invention; 



Fig. 20 IS an extracted view of 12 x 6 matrix from a 
matrix of an electron-beam source 10; 
Fig 21 is a graph showing distribution of electron 
emission amount upon completion of first activating 
process according to the fourth embodiment; 
Fig 22 is a graph showing dispersion of emission 
current amount at devices in a column-direction 
after execution of a second activating process; 
Fig. 23 is a flowcharl showing the activating proc- 
ess procedure according to the fourth embodiment; 
Fig 24 is a bk)ck diagram showing the schematic 
consti-uction of an electric circuit for activating 
processing according to a fifth embodiment of the 
present invention; 

Fig. 25 is a graph showing dispersion of emission 
current amount from each device in a column-direc- 
tion; 

Fig 26 IS a bkx* diagram showing an example of a 
multifunction display apparatus using the electron- 
beam source of the embodiments; 
Rg. 27 is a graph showing a pulse-vottage wave- 
form upon activation at a conventional SCE type 
electron-emitting device; 

Fig 28 is a line graph showing change of device 
current If and emission current le upon activation at 
the conventional SCE type electron-emitting 
device; . 
Fig 29 IS a plan view of an equivalence circuit upon 
activating a conventional simple-mati-ix wrired SCE 
type electi^on-emitting device; 
Fig 30 is a plan view of an equivalence circuit upon 
activating a conventional step-wired SCE type elec- 
tion-emitting device; 

Fig. 31 is a plan view of a conventional electron 
device; 

Rg. 32 is a plan view of an equivalence arcuit using 

only devices on a selected and driven line; 

Rg 33 is a graph showing dispersion of application 

voltage to each device in electrification processing; 

and 

Rg. 34 is a plan view of a SCE type electron-emit- 
ting device by M.Hartwell and others. 

PTT^II FP pPQr-.RiPTION OF THF PREFERRED. 
PMRODlh^lENTS 

Preferred entxxliments of the present invention will 
now be described in detail in accordance witti the 
accompanying drawings. 

The present inventors have stixlied about the afore- 
mentioned increase of emission cunent amount, and 
found that increase of emission current le in vacuum is 
enabled by adding a new process referred to -activa- 
tion" processing (to be described in detail later) to con- 
trol a film, conprising graphite or amorphous carbon or 
mixtijre of both, and cover around an electron-emitting 
portion virith the film. 

The activation processing is performed after the 
completion of the forming processing. In the activation 
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processing, application df a pulse having a constant 
voltage in vacuum of 10 ''- 10"^ Torr vacuum is repeated 
to accumulate Vtw above cartxxi or cartxjn compound 
from organic material existing in ffie vacuum, wtiich 
increases the emission current le to a considerably 5 
large amount. Fig. 27 shows an example of pulse-volt- 
age wavekxm upon activation, and Fig. 28 shows an 
exanijle of change of the device current If and the emis- 
sion current le upon activation. 

In this manner, addition of activation processing w 
attains increase of the emission current amount le of the 
SCE type electron-emitting device. In a case where this 
is applied to a method for manufacturing an electron- 
beam source having a simple-matrix wired SCE type 
electron-emitting devices, the following proWems occur, is 

For example, when the activation processing is per- 
formed on an eleclron-ljeam source having N x M 
matrixed SCE type electron-emitting devices, 

(a) it takes a lot of time to complete processing of all 20 
the devices, and 

(b) multiformity occurs to an le-oulput characteristic 
of each SCE type electron-emitting device after 



As the first problem that causes the alxjve incon- 
veniences is, when the electron-beam source is manu- 
factured, as Ist-Nth lines are sequentially activated, 30 
X N minutes is necessary to complete the processing of 
the overall electron-beam source. Fig. 29 shows an 30 
equivalence circuit upon activation of the simple-matrix 
wired electron-beam source. In application of an image 
forming apparatuses such as a flat-type display, the 
nuiTt>er of N and that of M may be hundreds to thou- 
sands, accordingly, a huge amount of activation time is 35 
necessary In such case, manufacturing of apparatus 
with low costs is difficult. Further, in long activation 
processing, as the amount of aforementioned organic 
materials in the vacuum changes, it is difficult to activate 
all the lines on a constant condition. In this case, uni- 40 
formed electron-emitting characteristics cannot be 
obtained. 

This problem also occurs in an electron-beam 
source where a plurality of SCE type electron-emitting 
devices are wired in a shape of steps (hereinafter 4s 
refened to as "stepped wiring"). 

In this case, the activation requires time for the 
nunt)er of lines, and activation by line causes disper- 
sion of electron-emitting characteristics of respective 
lines. 5" 

When the activation processing is performed on the 
multi-beam electron-tieam source m Rg. 31 by line, i.e., 
whori nna yuiro o* ^ip rnw-dlrfiction winno 4002 is 
selected, wiring resistances 4004 and 4005 of the lin - 
and column-direction wirings lower voltage there. On 55 
the other hand, drive cunent from the column-direction 
wiring 4003 flows through the respective surface-con- 
duction electi-on-emitting devices on the selected line of 
the row-direction wiring 4002. Accordingly, especially 



voltage drop at the row-direction wiring 4002 cannot be 
ignored, since this causes dispersion in the voltage 
applied to the surface-conduction elecb^on-emitting 
devices connected to the selected wire of the row-direc- 
tion wiring 4002 and difference among elecb^on-emitting 
characteristics after the activation processing, which 
disturtjs uniformed electron emission. 

Further, vi^en the activation processing has pro- 
cessed by a certain steps, ttie amount of resistance 
component of the SCE type electron-emitting device 
changes in unit of two digits due to the voltage applied 
to its both ends. That is, in status where the device is 
half selectively-driven in the simple matrix structure, the 
resistance component is large in comparison with com- 
pletely selectively-driven status. Accordingly, the device 
half selectively-driven can be regarded as being 
released. Then, the circuit of a multi-beam electron- 
beam source having M x N matrixed SCE type electron- 
emitting devices sfxjwn in Fig. 3 can be shown with an 
ec^iivalent circuit as shown in Fig. 32, where only selec- 
tively-driven devices are used. In Fig. 32. wiring resist- 
ance 4006 indicates accumulated resistance from an 
driven end to a driven device, by each wire of column- 
direction wiring 4003. The drive current flows through 
the column-direction wiring 4003 to the respective 
devices, and branches of cunent get together on the 
row-direction wiring 4002. This causes voltage drop, as 
shown in Fig. 33, by the wiring resistance 4004 of the 
row-directfon wiring 4002. As a result, difference occurs 
among the activation voltages applied to the respective 
devices, then difference occurs among electi^on-emit- 
ting characteristics of the respective devices. When 
such electt^on-beam source is enrployed for image dis- 
play, uniformity of display luminance distrtoution is 
degraded. 

The present invention has t>een made in view of the 
above findings and provides a method to deal with the 
first or second problem ottienwise tiie both. 

Preferred embodiments of the present inventton will 
be described in detail below. 

[General Embodiment] 

A general embodiment of the present invention will 
be described in accordance with the attached drawings. 

First, a SCE type elecb^on-emitting device accord- 
ing to the entxxliment, a nuJti electron-beam source 
formed using a plural number of the SCE type elect^on- 
emitting devices and an image display apparatus using 
the multi electron-beam source will be described with 
reference to Figs. 8 to 18. 

(Construction of Display Panel and Manufacturing 



First, the constructfon of a display panel of ttie 
image display apparatus to which the present invention 
is applied and a metiiod for manufacturing the display 
panel will be described below. 
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Fig. 8 is a perspective view of the display panel 
wtiere a portion of ttie panel is removed for showing the 
internal structure of the panel. 

In Fig. 8, numeral 1005 denotes a rear plate; 1006, 
a side wall; and 1 007, a face plate. These parts form an : 
airtight container for maintain the inside of the display 
panel vacuum. To construct the airtight container, it is 
necessary to seal-connect the respective parts to otJtain 
sufficient strength and maintain airtight condition. For 
example, a frit glass is applied to junction portions, and 
sintered at 400 to 500 °C in air or nitrogen atmosphere, 
thus the parts are seal-connected. A method for dis- 
charging air from the inside of the container will be 
descrit>ed later. 

The rear plate 1005 has a substrate 1001 fixed 
there, on \which N x M SCE type electron-emitting 
devices 1002 are provided (M. N = positive integer 
equal to "2' or greater, appropriately set in accordance 
with an object number of display pixels. For example, in 
a display apparatus for high-quality television display, 
desirably N = 3000 or greater, M = 1000 or greater. In 
this embodiment. N = 3072, M = 1024). The N x M SCE 
type etectron-emitting devices are arranged in a simple 
matrix with M row-direction wires (wiring 1003) and N 
column-direction wires (wiring 1004). The portion con- 
stituted with these parts (1001-1004) will be referred to 
as "mutti electron-beam source". Note that a nranufac- 
turing method and the structure of the multi electron- 
beam source will t»e described in detail later. 

In the general embodiment, the substrate 1001 of 
the multi electron-t)eam source is fixed to the rear plate 
1 005 of the airtight container. However, if the sut>strate 
1001 has sufficient strength, the substrate 1001 of the 
multi electron-beam source itself may be used as the 
rear plate of the airtight container. 

Further, a fluorescent film 1008 is formed under the 
face plate 1007. As this embodiment is a color display 
apparatus, the fluorescent film 1008 is colored with red. 
green and Wue three primary color fluorescent sub- 
stances. The fluorescent substance portions are in 
stripes as shown in Fig. 9A, and black conductive mate- 
rial 1 010 is provided between the stripes. The object of 
providing the black conductive material 1010 is to pre- 
vent shifting of display cotor even if electron-beam ina- 
diation position is shifted to some extent, to prevent 
degradation of display contrast by shutting off reflection 
of external light, to prevent charge-up of the fluorescent 
film by electron beams, and the like. The black conduc- 
tive material 1010 mainly comprises graphite, however, 
any other materials may be emptoyed so far as the 
atxTve object can t>e attained. 

Further, three-primary colors of the fluorescent film 
ic nrrt limrtPri In the Stripes as sho*wi in Fiq. 9A. For 
exanple, delta arrangement as shown in Fig 9B or any 
other arrangement may be emptoyed. ^tote that when a 
monochrome display panel is formed, a single-cotor f 
orescent substance may be applied to the fluorescent 
film 1008, and the black conductive material may be 
omitted. 



Further, a metal back 1009, v»hich is well-known in 
the CRT fieW. is provided on the rear plate side surface 
of the fluorescent film 1008. The object of providing the 
metal back 1009 is to improve light-utilization ratio by 

; mirror-reflecting a part of light emitted from the fluores- 
cent film 1 008. to protect the fluorescent film 1 008 from 
collision between negative ions, to use the metal back 
1009 as an electrode for applying an electron-beam 
accelerating voltage, to use ttie metal back 1009 as a 

,0 conductive path for electrons which excited the fluores- 
cent film 1008. and the like. The metal back 1009 is 
formed by. after forming ttie fluorescent film 1008 on the 
fece plate 1007. smoothing ttie fluorescent film front 
surface, and vacuum-evaporating Al thereon, htote ttwt 

,5 in a case where ttie fluorescent film 1008 comprises flu- 
orescent material for low voltage, ttie metal back 1 009 is 
not used. 

Further, for application of accelerating voltage or 
inprovement of conductivity of ttie fluorescent film. 
20 transparent elech-odes may t>e provided between ttie 
face plate 1007 and ttie fluorescent film 1008. although 
the general embodiment does not emptoy such elec- 
trodes. 

In Fig. 8, symbols Dxl to Dxm. Dyl to Dyn and Hv 
25 denote electric connection terminals for airtight struc- 
ture provided for electrical connectfon of ttie display 
panel witti an elech^ic circuit (not shown). The terminals 
Dxl to Dxm are electrically connected to the row-direc- 
tion wiring 1003 of the multt electron-beam source: Dyl 
30 to Dyn, to ttie column-direction wiring 1004; and Hv. to 
ttie metal back 1009 of ttie face plate. 

To discharge air from the inside of the airtight con- 
tainer and make ttie inside vacuum, after forming ttie 
airtight container, a discharge pipe and a vacuum pump 
35 (botti not shown) are connected, and discharge air from 
ttie airtight container to vacuum at about 10^ Torr. 
Thereafter, ttie discharge pipe is sealed. To maintain 
vacuum condition inside of ttie airbgfit container, a get- 
ter film (not shown) is constructed, immediately 
40 t)efore/after ttie sealing. To maintain ttie vacuum condi- 
tion inside of ttie airtight container, a getter film (not 
shown) is formed at a predetemiined position in ttie air- 
tight container, the gettering film is a film formed by 
heating and evaporating gettering material mainly 
45 including, e.g., Ba, by heating or high-frequency heat- 
ing. The sucbon-attaching operation of the gettering film 
maintains the vacuum conditkxi in the container 1x10 
5 or 1 X 10^ Ton. 

The basis structure and manufacturing mettiod of 
50 ttie display panel according to ttie general embodiment 
is described as above. 

Next, the manufacturing mettiod of ttie multi elec- 
tron-beam source used in ttie display panel according to 
ttie general embodiment vinll be descritied. As the mutti 
55 electron-beam source used in ttie image display appa- 
ratus, any manufactuing mettiod may be emptoyed so 
far as it is for manufacturing an electron-ljeam source 
where SCE type electron-emitting devices are arranged 
In a simple matrix. However, ttie present inventors has 
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found that among ttie SCE type electron-emitting 
devices, an e)ectron-t)eam source wtiere an electron- 
emitting portion or its peripheral portion comprises a 
fine-grained fHm is excellent in electron-emitting charac- 
teristic and further, it can be easily manufactured. ; 
Accordingly, this type of electron-t)eam source is the 
most appropriate electron-t>eam source to b>e employed 
in a multi electron-beam source of a high luminance and 
large-screened image display apparatus. In the display 
panel of the general errtxxjiment, SCE type electron- 
emitting devices each has an electron-emitting portion 
or peripheral portion formed from a fine-grained f im are 
enployed. First, the basic structure, manufacturing 
method and characteristic of the preferred SCE type 
electron-emitting device will be described, and the 
structure of the multi electron-beam source having sim- 
ple-matrix wired SCE type electron-emitting devices will 
be descrbed later. 

(Preferred Structure and Manufacturing Method of SCE 
Device) 

The typical structure of the SCE type electron-emit- 
ting device where an electron-emitting portion or its 
peripheral portion is formed from a fine-grained film 
includes a flat type structure and a stepped type struc- 
ture. 

«na1 SEC Type Electron-Emitting Device)) 

First, the structure and manufacturing method of a 
flat SCE type electron-emitting device wrill be described. 
Fig. 1 0A is a plan view explaining the structure of the flat 
SCE type electron-emitting device; and Fig. 10B, a 
cross-sectional view of the device. In Figs. 10A and 
10B. numeral 1101 denotes a sutsstrate; 1102 and 
1103. device electrodes; 1104, a conductive thin film; 
1 105, an electron-emitting portion formed tf/ the form- 
ing processing; and 1 1 13, a thin film formed by the acti- 
vation processing. 

As the sutjstrate 1101, various glass sut>strates of. 
e.g., quarto glass and Wue plate glass, various ceramic 
substrates of. e.g., alumina, or any of those siijsfrates 
with an insulating layer formed thereon can be 
employed. 

The device electrodes 1102 and 1103, provided in 
parallel to the substrate IIOI and opposing to each 
other, comprise conductive material. For example, any 
material of metals such as Ni, Cr, Au, Mo, W, Pt. Tl, Cu, 
Pd and Ag, or altoys of these metals, othenorise metal 
oxides such as In203-Sn02, or semiconductive material 
such as polysilicon, can be employed. The electrode is 
easily formed by the combination of a film-forming tech- 
nique such as vacuum-evaporation and a patterning 
technique such as photolilhography or etching, how- 
ever, any other method (e.g. , printing technique) may be 
employed. 

The shape of the electrodes 1102 and 1103 is 
appropriately designed in accordance with an applica- 



tion object of the electron-emitting device. Generally, an 
interval L between electrodes is designed by selecting 
an appropriate value in a range from hundreds ang- 
stroms to hundreds micrometers. Most preferable range 
J for a display apparatus is from several micron^eters to 
tens micrometers. As for electrode thickness d, an 
appropriate value in a range from hundreds angstroms 
to several micrometers. 

The conductive thin film 1104 comprises a fine- 
to gained film. The "fine-grained fHm" is a film which con- 
tains a lot of fine particles (including masses of parb- 
des) as film-constituting members. In miaoscopic view, 
normally individual particles exist in the film at predeter- 
mined intervals, or in adjacent to each other, or over- 
75 lapf>ed with each other 

One particle has a diameter within a range from 
several angstroms to thousands angstroms. Preferably, 
the diameter is within a range from 1 0 angstronfis to 200 
angstroms. The thickness of the film is appropriately set 
20 in consideration of conditions as foltowre. That is. condi- 
tion necessary for electrical connection to the device 
electrode 1102 or 1103. condition for the forming 
processing to be descrbed later, condition for setting 
electric resistance of the fine-grained fim itself to an 
25 appropriate value to be described later etc. 

Specifically, the particle diameter is set in a range 
from several angstroms to thousands angstroms, more 
preferat)ly, 1 0 angstroms to 500 angstroms. 

Materials used for forming the fine-grained fim are. 
30 e.g.. metals such as Pd. Pt. Ru, Ag, Au, Ti, In, Cu, Cr, 
Fe, Zn, Sn, Ta. W and Pb, oxides such as PdO. SnOa. 
IngOg. PbO and StJaOg. borides such as HfBs. ZrBs, 
UBg, CeBg, YB4 and GdB4. nitrides such as TIN, ZrN 
and HfN, semiconductors such as Si and Ge. and car- 
35 bons. Any of appropriate material(s) is appropriately 
selected. 

As descrbed above, the corxluctive thin film 1 1 04 is 
formed with a fine-grained film, and sheet resistance of 
the film is set to reside within a range from 10^ to 10^ 
40 (Q/sq). 

As it is preferable that the conductive thin film 1 104 
is electrically connected to the device electrodes 1 102 
and 1 103, they are arranged so as to overlap with each 
other at one portion. In Fig. 10B, the respective parts 
45 are overlapped in order of, the sutstrate. the device 
electrodes, and the conductive thin film, from the bot- 
tom. This overlapping order may be, the sut)strate. the 
conductive thin film, and the device electrodes, from the 
bottom 

50 The electron-emitting portion 1105 is a fissured 
portion formed at a part of the conductive thin film 1 1 04 
The electron-emitting portion 1105 has a resistance 
ctiaracteristic higher than peripheral conductive thin 
film. The fissure is formed by the forming processing to 

55 be descritjed later on the conductive thin film 1 104. In 
some cases, particles, having a diameter of several 
angstroms to hundreds angsti^oms, are arranged within 
the fissured portion. As it is difficult to exactly illustrate 
actual position and shape of the electron-emitting por- 
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tion. therefore, Rgs. 10A and 10B show the fissured 
porticxi schematically. 

The thin film 1113, which comprises cartxtn or car- 
bon compound material, covers the electron-emitting 
portion 1115 and Its peripheral portion. The thin film s 
1113 is formed by the activation processing to be 
desaibed later after the forming processing. 

The thin fBm 1 1 13 is preferably graphite monocrys- 
talline, yaphite pcdycrystalline, anx>rphous cartx)n, or 
mixture thereof, and its thickness is 500 angstroms or io 
less, more preferably, 300 angstroms or less. 

As it is difficult to exactly illustrate actual position or 
shape of the thin film 1113, Rgs. 1 0A and 1 0B show the 
film schematically. Rg. 10A shows the device where a 
part of the thin film 11 13 is removed. 

The preferred basic structure of SCE type electron- 
emitting device is as desaibed atxjve. In the embodi- 
ment, the device has the following constituents. 

That is, the substrate 1101 comprises a blue plate 
glass, and the device electrodes 1 1 02 and 1 1 03, an Ni 2o 
thin film. Ttie electrode thickness d is 1000 angstronre 
and the electrode interval L is 2 micrometers. 

Next, a method of nranufacturing a preferred flat 
SCE type electron-emitting device will be described with 
reference to Rgs. 1 1 A to 1 1 E which are cross-sectional 2s 
views showing the manufacturing processes of the SCE 
type electron-emitting device. Note that reference 
numerals are the same as those in Rgs. 10A and 10B. 

(1) Rrst, as shown in Fig. 11 A, the device elec- so 
trodes 1 102 and 1 103 are formed on the substrate 
1101. 

upon formation of the electrodes 1102 and 

1 1 03. first the substrate 1 1 01 is fully washed with a 
detergent, pure water and an organic solvent, then, as 
material of the device electrodes is accumulated 
there (as an accumulating method, a vacuum film- 
forming technique such as evaporation and spatter- 
ing may be used). Thereafter, patterning using a 
photolithography etching technique is performed on w 
the accumulated electrode material. Thus, the pair 

of device electrodes 1 102 and 1 103 are formed. 

(2) Next, as shown in Fig. 1 1 B, the conductive thin 
film 1104 is formed. 

Upon formation of the conductive thin film 

1104. first, an organic metal solvent is applied to 
the substrate 1101, then the applied solvent is dried 
and sintered, thus forming a fine-grained film. 
Thereafter, the fine-grained film is patterned. In so 
accordance v«th the photolittiography etching 
method, into a predetennined shape. The organic 
rriAtai Rnh/pnt means a solvent of organic metal 
compound containing material of minute particles, 
used for forming the conductive thin film, as main ss 
con-ponent (i.e., Pd in this embodiment). In the 
entxxlimerrt, application of organic metal solvent is 
made by a dipping method, however, any other 
method such as a spinner method and spraying 



method may be employed. As a film-forming 
method of the conductive thin film made with the 
minute partdes, the application of organic metal 
solvent used in the embodiment can be replaced 
with any other method such as a vacuum evapora- 
tion method, a spattering method or a chennical 
vapor-phase accumulation method. 

(3) Then, as shown in Fig. 1 1 C, appropriate voltage 
is applied to the interval between the device elec- 
trodes 1102 and 1103. from a power source 1110 
for the forming processing, then the forming 
processing is performed, thus forming the electron- 
emitting portion 1 105. 

The forming processing here is electrification of 
a conductive thin film 1 1 04 formed of a fine-grained 
film, to appropriately destroy, deform, or deteriorate 
a part of the conductive thin fim, thus changing the 
film to have a structure suitat)le for electron emis- 
sion. In the conductive thin film, the portion 
changed for electron emission (i.e.. electron- emit- 
ting portion 1 105) has an appropriate fissure in the 
thin film. Conparing the thin film 1 104 having the 
electron-emitting portion 1105 with the thin film 
before the forming processing, the electric resist- 
ance measured between the device electrodes 
1 1 02 and 1 1 03 has greatly increased. 

The forming processing will be explained in 
detail with reference to Fig. 12 showing an example 
of wraveform of appropriate voltage applied from the 
forming power source 1110. Preferably, in case of 
fomiing a conductive thin film of a fine-grained film, 
a pulse-form voltage is employed. In this embodi- 
ment, a triangular-wave pulse having a pulse viridth 
T1 is continuously applied at pulse interval of T2. 
Upon application, a wave peak value Vpf of the tri- 
angular-wave pulse is sequentially increased. Fur- 
ther, a nxjnitor pulse Pm to monitor status of 
fomriing the electron-emitting portion 1105 is 
inserted t>etween the triangular-wave pulses at 
appropriate intervals, and current that flows at the 
insertion is nrieasured by a galvanometer 1111. 

In this example, in 10'^ Ton- vacuum atmos- 
phere, the pulse width T1 is set to 1 msec; and the 
pulse interval T2, to 1 0 msec. The wave peak value 
Vpf is increased by 0.1 V, at each pulse. Each time 
the triangular-wave has been applied for five 
pulses, the monitor pulse Pm is inserted. To avoid 
ill-effecting the forming processing, a voltage Vpm 
of the monitor pulse is set to 0.1 V. When the elec- 
tric resistance between the device electrodes 1 102 
and 1103 becomes 1 x 10^ il, i e.. the cun-ent 
measured by the galvanometer 1111 upon applica- 
tion of monitor pulse becomes 1 x 10 a or less, 
the electrification of the forming processing is termi- 
nated. 

Note that the above processing method is pref- 
erable to the SEC type electron-emitting device of 
the present emtxxliment. In case of changing the 
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design of the SEC type electron-emitting device 
concerring, e.g.. ttie material or ttiickness of ttie 
fine-grained film, or the dwice electrode interval L, 
the conditions for electrification are preferably 
changed in accordance with the change of device 
design. 

(4) Next, as shewn in Fig. 1 1 D. appropriate voltage 
is applied, from an activaton power source 1112. 
between the device electrodes 11 02 and 1 1 03. and 
the activation processing is performed to improve 
electron-emitting characteristic. 

The activation processing here is electrification of 
the electron-emitting portion 1 105. formed by the fornrv 
ing processing, on appropriate condition(s). for accumu- 
lating carbon or carbon compound around the electron- 
emitting portion 1105 (In Rg. 1 1D. the accumiiated 
material of carbon or carbon compound is shown as 
material 1113). Comparing the electron-emitting portion 
1105 with that before the activation processing, the 
emission current at the same applied voltage has 
become, typically 100 times or greater. 

The activation is made by periodically applying a 
voltage pulse in IQ-* or 10"^ Torr vacuum atmosphere, 
to accumulate carbon or carbon compound mainly 
derived from organic compound(s) existing in the vac- 
uum atinosphere. The accumulated material 1113 is 
any of graphite monocrystalline. graphite pdycrystal- 
line. amorphous carbon or mixture thereof. The ttiick- 
ness of ttie accumulated material 1113 is 500 
angstroms or less, more preferably. 300 angstroms or 



The activation processing will be described in more 
detail with reference to Fig. 1 3A showing an example of 
waveform of appropriate voltage applied from ttie acti- 
vation power source 1112. In ttiis example, a square- 
wave votege Vac is set to 14 V; a pulse width T3. to 1 
msec; and a pulse interval T4. to 1 0 msec. Note ttial the 
above electrification conditions are preferable for ttie 
SCE type electron-emitting device of the embodiment. 
In a case w^ere ttie design of the SCE type electron- 
emitting device is changed, ttie electrif ication conditions 
are preferably changed in accordance with ttie change 
of device design. 

In Fig. 1 1 D, numeral 1114 denotes an anode elec- 
trode, connected to a direct-current (DC) high-voltage 
power source 1 1 15 and a galvanometer 1 1 16. for cap- 
turing emission current le emitted from ttie SCE type 
electron-emitting device C>n a case where ttie siijstrate 
1 101 is incorporated into ttie display panel before the 
activation processing, ttie fluorescent surface of tti dis- 
Dlav panel is used as ttie anode electrode 1114). While 
applying voltage from the activation power source 1112, 
ttie galvanometer 1116 measures ttie emission current 
le ttius monitors ttie progress of activation processing, 
to control ttie operation of the activation power source 
1112. Fig 13B shows an example of ttie emission cur- 
rent le measured by ttie galvanometer 1116. In this 



exanple, as application of pulse voltage from ttie activa- 
tion power source 1 1 12 is started, ttie emission current 
le increases witti elapse of time, gradually confies into 
saturation, and almost never increases then. At the siIj- 
5 stantial saturation point, the voltage application from ttie 
activation power source 1 1 12 is stopped, ttien the acti- 
vation processing is terminated. 

Note ttiat the above electrification conditions are 
preferable to ttie SCE type electron-emitting device of 

70 ttie embodiment. In case of changing ttie design of ttie 
SCE type electron-emitting device, ttie conditions are 
preferably changed in accordance witti ttie change of 
device design. 

As described above, ttie SCE type electi-on-emit- 

is ting device as shown in Fig. 1 1E is manufactured. 

({Step SCE type Electron-Emitting Device)) 

Next, anottier typical structure of ttie SCE type 
20 electron-emitting device where an electron-emitting por- 
tion or its peripheral portion is formed of a fine-grained 
film, i.e., a stepped SCE type electron-emitting device 
will be described. 

Fig. 14 is a cross-sectional view schematically 
25 showing ttie basic consti^uction of ttie step SCE type 
electron-emitting device. In Fig. 14. numeral 1201 
denotes a substrate; 1202 and 1203. device electrodes; 
1206 a step-forming member for making height differ- 
ence'between ttie electrodes 1202 and 1203; 1204. a 
30 conductive thin film using a fine-grained film; 1205. an 
electron-emitting portion fomied by the forming 
processing; and 1213, a ttiin film formed by ttie activa- 
tion processing. 

Difference between ttie step device sfructure from 
35 ttie above^Jescribed flat device structure is ttiat one of 
ttie device electrodes (1 202 in ttiis example) is provided 
on ttie step-forn^ng member 1206 and ttie conductive 
ttiin film 1204 covers ttie side surface of ttie step-form- 
ing me(Tt>er 1206. TTie device interval L in Figs. 10A 
40 and 1 0B is set in ttiis structure as a height difference Ls 
corresponding to ttie height of the step-forming member 
1206. Note ttiat ttie substrate 1201. ttie device elec- 
trodes 1 202 and 1203. ttie conductive ttiin film using ttie 
fine-grained film can comprise the materials given in ttie 
45 explanatin of ttie flat SCE type electton-emitting device. 
Further, ttie step-forming member 1206 comprises elec- 
frically insulating material such as SiOa. 

Next, a method of manufacturing the stepped SCE 
type electron-emitting device will be described with ref- 
50 erence Figs. 15A to 15F which are cross-sectional 
views showing ttie manufacturing processes In these 
figures, reference numerals of ttie respective parts are 
ttie same as those in Fig 1 4. 



(1) First, as shown in Fig 15A. ttie device lecttode 
1203 is formed on ttie substrate 1201 

(2) Next, as shown in Fig 15B. an insulating layer 
for forming the step-forming member 1206 is accu- 
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mulated. The insulating layer may be fofmed by 
accumulating, e.g.. SiOa by a spattering method, 
however, the insulating layer may b>e formed by a 
film-forming method such as a vacuum evaporation 
method or a printing method. 5 

(3) Next, as shown in Fig. 15C. the device electrode 
1202 is formed on the insulating layer. 

(4) Next, as shown in Fig. 1 5D. a part of the insulat- io 
ing layer is removed by using, e.g.. an etching 
method, to expose the device electrode 1203. 

(5) Next, as shown in Rg. 15E, the conductive thin 
film 1204 using the fine-grained film is formed, is 
Upon formation, similar to the atxjve-descrbed flat 
device structure, a film-forming technique such as 

an applying method is used. 

(6) Next, similar to the flat device structure, the zo 
forming processing is performed to form the elec- 
tron-emitting portion 1205 (the forming processing 
similar to that explained using Fig. 1 1C may he per- 
formed). 

25 

(7) Next, similar to the flat device structure, the acti- 
vation processing is performed to accumulate car- 
txxi or cartx>n compourxl around the electron- 
emitting portion (activation processing similar to 
that explained using Fig. 1 1 D may be performed). so 

As described above, the stepped SCE type elec- 
tron-emitting device is manufactured. 

(Characteristic of SCE Type Electron-Emitting Device 35 
Used in Display Apparatus) 

The structure and manufacturing method of the flat 
SCE type electron-emitting device and those of the 
stepped SCE type electron-emitting device are as 40 
described above. Next, the characteristic of the elec- 
tron-emitting device used in the display apparatus will 
be described lielow. 

Fig. 16 shows a typical example of (emission cur- 
rent le) to (device application voltage 0 e. voltage to be 45 
applied to the device) Vf) characteristic and (device cur- 
rent if) to (device application voltage Vf) characteristic of 
the device used in the display apparatus. Note that com- 
pared with the device current H. the emission current le 
is very small , therefore it is diff icult to illustrate the emis- so 
sion current le by the same measure of tfiat for the 
device current If. In addition, these characteristics 
change due to chanoe of desioning parameters such as 
ttie size or shape of the device. For these reasons, two 
lines in the graph of Fig 16 are respectively given in 55 
arbitrary units. 

Regarding the emission current le, the device used 
in the display apparatus has three characteristics as fol- 
lows: 



(1) When voltage of a predetermined level (referred 
to as "threshold voltage Vth") or greater is applied 
to the device, the emission current le drastically 
increases, however, with voltage lower than the 
threshold voltage Vth. alnnost no emission voltage 
le is detected. That is. regarding the emission cur- 
rent le. the device has a nonlinear characteristic 
based on the clear threshold voltage Vth. 

(2) The emission current le changes in dependence 
upon the device application voltage Vf . Accordingly, 
the emission current le voltage can be controlled by 
changing the device application voltage Vf. 

(3) The emission current le is outputted quickly in 
response to application of the device application 
vollage Vf. Accordingly, an electrical charge 
amount of electrons to t)e emitted from the device 
can be controlled by changing period of application 
of the device application voltage Vf. 

The SCE type electron-emitting device with the 
above three characteristics is preferably applied to the 
display apparatus. For example, in a display apparatus 
having a large number of devices provided corespond- 
ing to the number of pixels of a display screen, if the first 
characteristic is utilized, display by sequential scanning 
of display screen is possible. TTiis means that the 
threshold voltage Vth or greater is appropriately applied 
to a driven device, while voltage lower than the thresh- 
old voltage Vth is applied to an unselected device. In 
this manner, sequentially changing the driven devices 
enaljles display by sequential scanning of display 
screen. 

Further, emission luminance can be controlled by 
utilizing the second or third characteristic, which ena- 
tsles multi-leveled display. 

(Stmcture of Sinple-Matrix Wired Multi Electron-Beam 



Next, the structure of a multi electron-beam source 
where a large nunnber of the above SCE type electron- 
emitting devices are arranged with the simple-matrix 
wiring will be described below. 

Fig. 17 is a plan view of the multi electron-ljeam 
source used in the display panel in Fig. 8. There are 
SCE type electron-emitting devices similar to those 
shown in Figs, 1 0A and 1 0B on the sut>strate. These 
devices are arranged in a simple matrix with the row- 
direction wiring 1003 and the column-direction wiring 
1004. At an intersection of the wirings 1003 and 1004, 
an insulating layer (not shown) is formed between the 
vwres, to nwintain electrical insulation. 

Fig. 18 shows a cross-section cut out along the line 
A-A'in Fig. 17. 

Note that this type multi electron-t»eam source is 
manufactured b)y forming the line- and column-direction 
wirings 1003 and 1004, the insulating layers (not 
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shown) at wires' intersections, the device electrodes 
and conductive thin films on the substrate, then supply- 
ing electricity to the respective devices via the line- and 
cdurm-cfirection wirings 1003 and 1004, thus perfornv 
ing the forming processing and the activation process- 
ing. 

As described atxjve, in the manufacturing proc- 
esses of the multi electron-beam source using the SCE 
type electron-emitting devices, the activation process- 
ing have a great influence upon display characteristic of 
formed image display apparatus. Although the descrip- 
tion has been made with regard to one device, however, 
in formation of the image display apparatus, the activa- 
tion processing is required to all the devices. The follow- 
ing first to eighth embodiments are examples of 
preferred activation processing to the entire multi elec- 
tron-beam source. 

[First EmtKXllment] 

Fig. 1 shows an activating device for activating the 
SCE type electron-emitting device according to a first 
entwdiment. In Fig. 1 , numeral 1 denotes an activation 
voltage source which generates an activating voltage 
pulse; 2, a line selector for selecting a line to receive the 
voltage pulse generated by the activation voltage 
source 1 ; 3, a controller which controls the activation 
voltage source 1 and the line selector 2; and 4, an elec- 
tron-source substrate to be activated, on which a plural- 
ity of SCE type electron-emitting devices which have 
been forming-processed are arranged in a M x N simple 
matrix. The electron-source sut)strate 4 is provided in a 
vacuum device (not shown) which has 10 * to 10'^ Torr 
vacuum condition. 

Hereinafter, a method for activating the SCE type 
electron-emitting device according to the first embodi- 
ment will be descritsed with reference to Fig. 1 The acti- 
vation voltage source 1 is used for generating a voltage 
pulse necessary for activation. The activation voltage 
source 1 a pulse of output voltage waveform shown in 
Fig. 21, where the pulse width T1 is 1 msec, the pulse 
interval T2 is 2 msec, and the voltage wave peak value 
is 14V. The controller 3 on/off controls the voltage out- 
put. The output voltage is inputted into the line selector 
2 and applied to a selected line. 

The operation of the line selector 2 will be 
descrtoed with reference to Fig. 2. The line selector 2 
comprises switches such as relay switches or analog 
switches. When the electron-beam source substrate 4 
has an N X M matrix, M switches are arranged in parallel 
as swi to swM, and connected to x-wire terminals Dxl 
to DxM of the electron-source substrate 4 via lines Sxl 
tn RyM The switches swI to swM operate to apply the 
voltage from the activation voltage source 1 to a line to 
be activated under the control of the controller 3. In Fig. 
2, the switch swi is activated to select the first line, and 
the other lines are connected to the ground. 

Next, line-switching timing of this ennbodiment will 
be descrtoed with reference to Fig. 3 which is a timing 



chart shiowing operation timings of the activation volt- 
age source 1 and the line selector 2 in Hg. 1. In Fig. 3, 
tiie top line indicates an output waveform of voltage 
from the activation voltage source 1 ; lines swi to snM, 

5 operation timings of the switehes in the line selector 2; 
and lines Sxl to SxM. output waveforms of voltage from 
the line selector 2. 

As shown in Fig. 3, the activation voltage source 1 
continuously outputs a rectangular pulse. As the pulse- 

10 output starts, first the switoh swi is turned on. and the 
SMintch swi outputs the pulse to the terminal Dxl of the 
electron-source substrate 4. However, tfie switch swi is 
turned on for only one pulse width. Immediately after the 
switch sw1 is tijrned off. the switoh sw2 is tijrned on. In 

75 this manner, the switches swi to swM are sequentially 
turned on in accordance with the pulse output, and the 
respective output pulses indicated by Sxl to SxM are 
applied to the terminals Dxl to DxM. This operation is 
repeated from the switch swi . 

20 As a result of activation for a predetermined period, 
the emission current characteristics of the respective 
SCE type electi^on-emitting devices become uniform, 
which obtains high-quality innages at the image display 
apparatus manufactured utilizing the electi-on-beam 

25 source having the SCE type electi-on-emitting devices. 
Time necessary for the activation processing is calcu- 
lated from data on activation of one line. In comparison 
with the activation by each line, period needed to obtain 
the same emission current as in the independent activa- 

30 tion by each line can be reduced to alx>ut 1/5. 

As descrtoed above, the application of voltage while 
line-scanning writh respect to a plurality of SCE type 
electi^on-emitting devices, using the activating device 
can reduce activation period arxj further uniform char- 

35 acteristics of the respective devices. 

Note that the present embodiment can be applied 
to the electi^on-source substrate 4 where a plurality of 
SCE type elecb^on-emitting devices are connected with 
a stepped wiring. 

[Second Embodiment] 

Next, a secorxl embodiment of the present inven- 
tion will be describe below. 

45 The activating device according to the second 
entoodiment is the same as that of the first ennbodiment 
except that the plurality of SCE type electi^on-emitting 
devices which have been already forming-processed 
are wired in steps. Fig. 4 shows the consti^uction of the 

50 Step-wired electi^on-tjeam source. In Fig. 4, the compo- 
nents corresponding to those in Fig. 1 have the same 
reference numerals and the explanations of the compo- 
nents will be omitted. 

In Fig. 4, numeral 5 denotes an electron-source 

55 substrate where the already forming-processed SCE 
type electron-emitting devices are wired in a step. The 
electron-source substi-ate 5 is provided in a vacuum 
device (not shown) which maintains 10 ■* or 10^ Torr 
vacuum conditfon. 
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In the step-wiring, the half of wires are electrically 
connected to the line selector 2 via terminals D1 to Dfyl. 
and the other half of wires are connected to the ground 
level (0 volt). 

Fig. 5 is a timing chart showing operation timing of 
the activation voltage source 1 and the line selector 2 in 
Fig. 4 In Fig. 5, the top line indicates an output wave- 
form of voltage from the activation voltage source 1 ; 
lines swi to swM, operation timings of the switches in 
the line selector 2; and lines SI to SM, output wave- 
forms of voltage from the line selector 2. 

In this embodiment, the lines are divided into two 
groups, first haH (lines 1 to W2) and second haH (lines 
M/2+1 to M)). and activation processing is performed on 
these groups in parallel. Within each group, similar to 
the first embodiment, voltage is applied while sequen- 
tially selecting a line. Ttiis activation mettxxJ further 
reduces processing time in comparison with the first 
err^odiment (note that the number of (Svided line 
groups is not limited to two, but it may be appropriately 
determined in accordance with the number of lines). 

The operations of the respective parts are as 
shown in Fig. 5, where the activation voltage source 1 
continuously outputs a rectangular pulse. As ttie pulse- 
output starts, the lines swi and sw(M/2+1) (virtien M is 
an odd nurTt>er, sw((l^-f1)/2-t-1)) is turned on. Accord- 
ingly, the pulse is outputted to the terminals D1 and 
D(M/2+1) of the electron-source substrate 5. However, 
the lines sw1 and sw(M/2+1) (or sw[(M+iy2+1]) are 
on for only one pulse width. Immediately after these 
lines are turned off, the lines sw2 and sw(My2+2) (or 
sw((H^1)/2+2) )are turned on. In this manner, the lines 
swi to sw(M/2). and sw(M/2+1) to swM are sequen- 
tially turned on in accordance with the pulse output, and 
after the respective output pulses have been applied to 
the terminals D1 to D(M/2) and D(M/2+1) to DM, this 
operation is repeated from the line swi . sw(M/2+1) (or 
sw(M+1)/2+1 ). 

As a result of activation for a predetermined period, 
the emission current ctiaracteristics of the respective 
SCE type electron -emitting dances become uniform, 
which obtains high-quality images at the image display 
apparatus manufactured utilizing the electron-beam 
source having the SCE type electron-emitting devices. 
Time necessary ter the activation processing is calcu- 
lated from data on activation on one line. In comparison 
with the activation by each line, period needed to obtain 
the same emission current as in the activation by each 
line can be reduced to about 1/10. 

As descriljed above, time of the activation on the 
overall electron-source substrate can be reduced by 
increasing lines which receive activation voltage pulses 
at once. Since too many lines inaease electric con- 
sunption at the substrate, preferat)ly th number of 
lines to t>e activated is determined in accordance with 
limitations of heat-generation or electric capacity 

Note that the second embodiment is also applicable 
to a case where the electron-source sutjstrate 5 has a 



sinple-matrix wired SCE type electron-emitting 
devices. 

[Third Embodiment] 

5 

Next, a third errtodiment of the present invention 
will be described in detail t>elow. The activating device 
of this embodiment is similar to tfiat of the first embodi- 
ment, where a plurality of SCE type electron-emitting 
10 devices are also connected with a simple-matrix wiring. 
Difference is that the wires are taken out of the both 
sides of the substrate and comnnonly connected to the 
line selector. Fig. 6 sfiows the construction of the acti- 
vating device according to the third embodiment. In Fig. 
15 6. the components corresponding to those in Fig. 1 
have the same reference numerals and the explana- 
tions of the components will be omitted. 

In Fig. 6. numeral 6 denotes an electron-tjeam 
source substrate where a plurality of SCE type electron- 
20 emitting devices which have been already forming-proc- 
essed are wired in a simple matrix. The electron-t>eam 
source substrate 6 is provided in a vacuum device (not 
shown) which has 10 '* to 10"^ Torr vacuum condition. 
Note that the overall operation of the activating device in 
25 Fig. 6 is similar to that in the first embodiment, ttierefore, 
the explanation of the operation of the activating device 
will be omitted. 

Fig. 7 is a timing chart showing the operation tim- 
ings of the activation voltage source 1 and the line 
30 selector 2 in Fig. 6. In Fig. 7, the top line indicates an 
output wave form of voltage from the activation voltage 
source 1 ; lines swi to swM, operation timings of the 
switches in the line selector 2; and lines Sxl to SxM, 
output waveforms of voltage from ttie line selector 2. 
35 In the third embodiment the activating device 1 
comprises a simple-structured direct-current voltage 
source and it outputs constant voltage (14 V in this 
case). 

As the pulse-output starts, first the switch swi is 
40 turned on, and the switch swi outputs the pulse to the 
terminal Dxl of the electron-source sutjstrate 6. How- 
ever, the switch swi is turned on for only 1 msec. Imme- 
diately after the switch swi is turned off, the switch sw2 
is turned on. in this manner, tfie switches swi to swM 
45 are sequentially turned on by 1 msec, and the respec- 
tive 1-msec activation voltages are applied to the termi- 
nals Dxl to DxM. This operation is repeated from the 
switch swi . 

As a result of activation for a predetermined period. 

50 the emission current characteristics of the respective 
SCE type electron-emitting devices become uniform, 
which obtains high-quality images at the image display 
apparatus manufactured utilizing the electron-tjeam 
source having the SCE type electron -emitting devices 

55 According to the third embodiment, electricity sup- 
ply from the both sides of the substrate mitigates volt- 
age degradation caused by wiring resistance. This 
attains further uniform activation processing In addi- 
tion, though the first emtxxjiment performs scanning of 
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M lines for 2 x M msec, the present embodiment only 
needs M msec. Accordingly, the activation processing 
time t>ecomes atxxjt 1 /2 of that of the first embodiment. 

As described above, the application of voltage while 
changing the lines by a predetermined period can 
reduce the period kx activating the overall electron- 
beam source substrate. 

Note that the third embodiment is also applicaWe to 
the electron-souce substrate 6 where a plurality of SCE 
type electron-emitting devices are connected with a 
stepped wiring. 

[Fourth Embodiment] 

Fig. 19 is a block diagram showing the construction 
of an electric circuit for performing the activation accord- 
ing to a fourth embodiment. In Fig. 19, numeral 19 
denotes SCE type electron-emitting devices which have 
been already forming-processed. The SCE type elec- 
tron-emitting devices 19 are wired in a M x N simple 
matrix, constituting an electron-source substrate 10. 

Numeral 1 1 denotes a controller which controls the 
activation processing of the fourth embodiment. The 
controller 11 comprises a CPU 12, a ROM 13 and a 
RAM 14. The CPU 12 realizes the activation processing 
by executing a control program stored in the ROM 13. 
The RAM 14 provides a work area to the CPU 12 for 
executing various processings. 

Numerals 17 and 18 denote stvitching circuits 
which cfiange connection respectively in colunm- and 
row-direction wiring. The switching circuit 17 has a 
S¥ntch device for switching application of activation 
pulse from a pulse-generating power source 1112b to 
terminals DY1 to DYN connected in the column-direc- 
tion wiring or to the ground, and a switch device for 
selecting one or nwe of the terminals DY1 to DYN fc»r 
performing activation processing. The switehing circuit 8 
operates similarly to the switching circuit 7 regarding 
connection in the row-direction wiring. 

The pulse-generating power sources 1112a and 
1 1 12b correspond to the activation power source 1112 
descrbed in Fig. 11D. In the activation processing, 
switching of pulse to be applied to the respective termi- 
nals, pulse wave height, pulse width, pulse period, 
pulse-generating timing etc. are controlled by the con- 
troller 1 1 . Note that the pulse-generating power sources 
1112a and 1112b and the switching circuits 17 and 18 
may select a plurality of terminals at once. 

Numeral 1114 denotes an anode electrode which 
captures electrons emitted from the respective devices 
in activation processing; 1116, a galvanometer for 
measuring the emission current le captured by the 
anode electrode 1114 and outputs the measurement 
result to the controller 11; 1115, a direct-current (DC) 
high-voltage power source v/hich applies positive high 
voltage to the anode electrode 1114. These compo- 
nents 1114 to 11 16 corresponding to those in Fig. 11D 
forms a construction for detecting the emission cunent 



Rg. 20 shows a 1 2 X 6 matrix extracted from the M 
X N matrix of the eJectron-source substrate 10. For the 
convenience of illustration, the positions of respective 
SCE type electron-emitting devices are represented by 
5 p(,Y) coordinates such as D(1,1), D(2,1) or D(12,6). 

In display panels of (xivate-use TV sets, a horizon- 
tal display resolutfon is higher than a vertcal display 
resolution, and in case of an image display apparatus 
using the SCE type electron-emitting devices of the 
10 present invention, the respective electron-emitting 
devices correspond to respective luminance points on a 
display screen. For these reasons, the 12 x 6 matrix is 
used as a nxxlel similar to an actually-used electron- 
beam source. Normally, the private-use TV set has a 
15 display screen wfiich is tong sideways, moreover, the 
fluorescent surface has a stripe or mosaic color 
an-angement. In this case, the "N" columns is twice of 
the'M" lines in Fig. 19. 

In this embodiment, activation is performed along 
20 the line direction as a first activation process. First, to 
activate the SCE type electron-emitting devices D(1.1) 
to D(12,1) connected to a terminal DX1. the switehing 
circuits 17 and 18 select the terminal DX1, and the 
pulse-generating power source 1 1 12a applies an acti- 
os vation pulse. That is. the terminal DX1 is connected to 
the pulse-generating power source 1 1 12a and the other 
terminals are connected to the ground. This can apply 
voltage only to desired SCE type electron-emitting 
dwices in a simple matrix wiring. The activation pulse 
30 hias a rectangiiar waveform as shown in Fig. 13A, 
wherein the pulse width T1 is 1 msec, the pulse interval 
T2 is 10 msec, and a square-wave voHage Vac is 14 V. 
The activation is performed in about 1x10"^ Torr vac- 
uum atmosphere. During the activation, the emission 
36 current le is monitored, and the processing is continued 
until the emission current le has been completely satu- 
rated (90 min in this en*odiment). 

Next, to activate the respective SCE type electron- 
emitting devices D(1 .2) to D(1 2. 2) connected to a termi- 
40 naJ DX2. the switching circuits 1 7 and 1 8 selects the ter- 
minal DX2. That is. the terminal DX2 is connected to the 
pulse-ger>erating power source 1112a, and the other 
terminals are connected to the ground, thus an activa- 
tion pulses are applied to the terminal DX2. 
45 In Fig. 20. this operation is repeated to the bottom 
line terminal DX6. activating by one line (first activation 
process). Note that during the activation processing on 
each line, the emission current le is monitored, and the 
activation processing is completed when the saturation 
50 of the emission current le is detected. The detectfon of 
saturation of the emission current le is made by detect- 
ing that cfiange amount of the le has b>ecome a prede- 
termined annount or less. 

When th first activation process as described 
55 atxive has been completed, the difference among the 
electricity -supply terminals DX1 to DXM has caused 
dispersion of application voltages to the respective 
da^ices within the line (horizontal line in Fig. 20), as 
shown in Fig. 33 Fig. 21 shows the dispersion of the 
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emission current amount within a line at the completion 
of the first activation process. The dispersion of the 
emission current as shown in Fig. 33 has caused the 
dispersion Alex in the emission characteristics. 

Next, as a second activation process, the activation 
processing is continued along the wiring orthogonal to 
ttie direction of the first activation. That is. as the first 
activation process is made along the line direction, the 
second activation process is made along the column 
direction (the vertical direction in Fig. 20). 

First, to activate the respective SCE type etectron- 
emitting devices D(12,1) to D(12,6) connected to the 
terminal DY12, the switching circuits 17 and 18 selects 
the terminal DY1 2. As a result, the terminal DY1 2 is con- 
nected to the pulse-generating power source 1112b. 
and the other terminals are connected to the ground. 
Then, activation pulses on the same activation condi- 
tions as those in the first activation process are applied 
to the terminal DY12. 

In this manner, the second activation process is 
performed to the left most terminal DY1 . In the second 
activation process, the already-activated SCE type elec- 
tron-emitting devices are driven, the activation period is 
short (15 min in this embodiment) while the dispersion 
of emission current due dispersion of applied voltage is 
corrected. 

Fig. 22 shows the dispersion of emission current of 
the devices in the column direction after the second 
activation process. At the SCE type electron-emitting 
devices in the vertical direction, i.e., the devices con- 
nected to the terrrtnal DYN. in comparison with the first 
activation process, the number of SCE type electron- 
emitting devices driven on one line decreases from 12 
to 6, the degradation of voltage due to wiring can b»e mit- 
igated. As shown in Fig. 22, the dispersion of electron 
emission amount is reduced to the half or less than the 
dispersion amount at the first activation process. 

Note that if the above-described second activation 
process is performed first, the dispersion of electron 
emission amount can also be reduced, however, activa- 
tion from the initial stage takes long. For this reason, the 
first activation is first performed along a direction vi*here 
lines are fewer. As a result, the activation period can be 
reduced. For example, in the present embodiment, the 
first activation requires atx)ut 90 min, while the second 
activation requires only about 15 min. Accordingly, the 
processing time can be reduced by pertorming the first 
activation process along a direction where the lines are 
fewer and then performing the second activation proc- 
ess along the direction orthogonal to the first activation 
direction. 

The activation processing upon the entire matrix as 
shown in Fig. 19 can form an electron-beam source 
having a uniform curr nt emission 

Note that the atxwe activation concStions are prefer- 
at5le to the SCE type electron- mitting devices of the 
present entxDdtment If the design of the SCE type elec- 
tron-emitting devices is changed, the activation condi- 



tions should be changed in accordance with the change 
of design. 

Note that the activation method is not limrted to the 
atxjve first and second activation processes, txit other 
5 methods, e.g.. simultaneous activation of plural lines, or 
activation b»y scanning tietween application of drive 
pulse may be adopted. Further, even if the row direction 
and the column direction are opposite to each other, the 
secorxf activation may be performed along the direction 
w where the devices on one line are fewer. 

Fig. 23 is a flowchart showing activation process 
procedure according to ttie present embodiment. In Fig. 
23. the first activation process is shown at steps S1 1 to 
S13, S16andS17.and the second activation process is 
IS shown at steps SI 4 and SI 5 and SI 8 and SI 9. 

To determine the first activation process in line units 
or column units, the number M of lines is compared with 
the number N of columns (within M x N matrix) at step 
S11. As desCTitied alxve, to reduce process time, the 
20 first activation process is performed along the direction 
where the number of rows/columns is smaller. That is, rf 
the M is less than the N, the process proceeds to step 
SI 2, at which line-base activation process is performed. 
Then at step SI 3, whether or not the emission current le 
25 has t>een saturated is determined, and if NO, the activa- 
tion process is continued till the emission cunent satu- 
ration is detected. This process is performed on all the 
lines. At step SI 4, H it is determined tfiat all the lines 
have b>een processed, the process proceeds to step 
30 S1 5. to advance to the second activation process. 

At step SI 5. column-ljase activation process is per- 
formed till saturation of the emission current le is 
detected (SI 6). As the activation at steps SI 5 and SI 6 
has tjeen performed with respect to all the columns 
35 (SI 7). this activation process ends. 

On the other hand, if it is determined at step S1 1 
that the nuntier N of the columns is smaller than the 
number M of the rows, the process proceeds to step 
S21. In the processing shown at steps S21 to S26. to 
40 perform a process similar to the atxjve process shown 
at steps SI 2 to SI 7. except that the first activation proc- 
ess is performed in column units and the second activa- 
tion process. 

Note that in this emtxxfiment. a control program for 
45 realizing the control as shown in the flowchart of Fig. 23 

is stored in the ROM 1 3 and is executed by the CPU 12. 

However, the control is not limited to this arrangement. 

For example, the construction for realizing the alxjve 

control can b>e formed with hardware such as a logic cir- 
50 cuit. 

As descrtoed alxjve. activation process in line units 
and activation pxocess in column units can obtain uni- 
form electron enyssion characteristics of a matrix-wired 
SCE type electron-emitting devices. 
55 As the first activation process is performed along a 
direction wrtiere the number of rows/columns is smaller, 
the total processing time through the first and second 
activation processes can be reduced. 
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[Fifth Embodiment] 

Next, a fifth embodiment of the present invention 
will be described with reference to Figs. 24 and 25. Fig. 
24 is a block diagram showing the construction of an 
electric circuit for performing activation processing 
according to the fifth errixxfiment. Difference from the 
fourth embodiment (Fig. 19) is that the circuit fias termi- 
nals for applying activation pulses (electricity-supply ter- 
minals). DXr and DX1 to DXW and DXM, at the both 
sides of the row-direction wires. Note ttiat in Fig. 24, the 
components corresponding to ttiose in Fig. 19 fiave the 
same reference numerals and the explanations of the 
components will be omitted. 

Similar to the fourth embodiment, the method of 
activation according to the preserrt emtxxfiment is. on 
the assumption tfiat the number o* lines is smaller than 
tfiat of columns, to perform the first activation process in 
line units, and perform the second activation process in 
a direction orthogonal to the lines processed in the first 
activation process, i.e.. in column units. NJote that in 
comparison with the first activation according to the 
fourth embodin>ent. voltage degradation in the first acti- 
vation is mitigated, since electricity-supply terminals are 
provided at the bath sides of row-direction wires. 

Fig. 25 shows the dispersbn of emission current 
from the respective first-activation processed devices. 
After the above first activation process, the dispersion of 
the elecb^on-emitting characteristics of the electron- 
source substrate in the line direction is AleX' which is 
even smaller than the dispersion amount AleX sfx>wn in 
Fig. 21. 

Note that the selection of the SCE type electron- 
emitting devices to be activated, activation conditions 
such as activation atnK>sp>here and activation pulses are 
similar to tfrose in the fourth emtxxiiment. The first acti- 
vation process is performed in order of DX1 . DX2 

DXM. and the second activation process is performed in 

order of DYN^. DY(N/2+1) . DY(Ny2-1) DY1. DYN. 

i.e.. in descending order from the column connected to 
the device having the greatest dispersion amount Alex. 
Similar to the fourth embodiment, the activation is termi- 
nated when the emission current le is saturated. As the 
first activation process has been completed, the second 
activation is attained in a sfxxt (seriod for correcting the 
dispersion of application voltage to tiie respective 
devices. 

By performing the above processing witii respect to 
the entire matrix, an electron-beam source having uni- 
form electron-emitting characteristics can be formed. 

Note that the atxjve activation conditions are for the 
SCE type electron-emitting devices according to the 
present embodim nt However, if the design of the SCE 
lype eiectron-emining devices is changed, it is prefera- 
t)le to cfiange th conditions in accordance with the 
change of design. 

Further, the activation processing of the present 
embodiment is not limited as above so far as it is line 
t>ase processing. The activation processing may be per- 



formed by plural lines simuttaneousty or by scanning 
between pulse intervals. Further, the second activation 
process of the present embodiment is performed from 
around the center of the line towards the both ends, 

5 while the second activation process of the fourth 
embodiment is performed from one end to the other end 
of the row/column (right to left in Fig. 20), however, the 
order of activation is not limited to these orders. 

Furtherrrxxe. activation processing performed by a 

10 method as an appropriate cont>ination of the metfxxjs 
of the fourth and fifth embodiments with metfxxis of the 
first to third embodiments is especially prefer^e. The 
following embodiments are examples of such comt)ir«- 
tions. 

15 

[Sixth Embodiment] 

This embodiment empfoys the comt)ination of the 
activation metfxxf of the first embodiment with the acti- 

20 vation metfKxJ of the fourth embodimerrt 

In tfiis embodiment, the operation timings of the 
pulse-generating power sources 1 1 12a arxl 1 1 12b and 
the switcfiing circuits 17 arxi 18 in Rg. 19 are different 
from those of the fourth errtxxliment. 

25 According to the present embodiment, in the first 
and second activation processes of the fourth embodi- 
ment, tfie pulse-generating power sources 1112a. 
1112b and the switching circuits 17 and 18 operate in 
accordarx;e with the operation timings of the first 

30 embocfiment as shoMWi in the timing chart of Fig. 3. 

In Fig. 3. the voltage source output waveform ((J)) 
corresporxis to the output waveform of the pulse-gener- 
ating power source 1112a in Fig. 19; the operation tim- 
ings of the respective switches (0), to the operation 

35 timings of the switches sw1 to swM (or Swi to swN), 
incorporated in the switching circuit 18 (or 17), and con- 
nected to the terminals DX1 to DXM (or DY1 to DYN) of 
the respective lines; arxi the output waveforms of the 
line selector ( @) . to the output waveforms o* the switch- 

40 ing circuit 18 (or 17) to the terminals DX1 to DXM (or 
DY1 to DYN) of the respective lines. 

In the preserrt embodiment, activation processing 
similar to that of the fourth embodiment is performed 
except ttnat the pulse-generating power sources 1112a 

45 and 1 1 12b and the switehing circuits 1 7 and 18 in Fig. 
19 operate in accordance with the above timings. 

As described atxjve. the present errixxJiment per- 
forms activation in line units arxi activation in column 
units, thus attains uniform elecb-on-emitting characteris- 

50 tics of the matrix-wired SCE type electron-emitting 
devices. 

The first activation process, which takes compara- 
tively a long time, is performed in row/column units in 
accoraance witn tne numoer oi rows/coiumns. i e.. any 
55 of rows and colas of a smal ler number. This reduces the 
total processing time of the first and second activation 
process. 

Further, the present embodiment furth r reduces 
activation time and uniforms electron-emitting charac- 
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tef istfes of the respective devices by applying activation 
voltage to the SCE type electron-emitting devices while 
scanning the lines. 

[Seventh Ennbodinfient] 

This efT*)Odiment employs the combination of the 
activation method of the second embodinfient with the 
activation mettxxl of the fcxjrth embodiment. 

In this embodiment, the operation timings of the 
pulse-generating power sources 1 1 12a and 1 11 2b and 
the switching circuits 17 and 18 in Fig. 19 are different 
from those of the fourth embodiment. 

According to the present embodiment, in the first 
and second activation pKOcesses of the fourth embodi- 
ment, the pulse-generating power sources 1112a, 
1112b and the switching circuits 17 and 18 operate in 
accordance with the operation timings of the second 
embodiment as shown in the timing chart of Fig. 5. 

In Fig. 5, the voltage source output waveform (®) 
corresponds to the output waveform of the pulse-gener- 
ating power source 11 12a (or 1 1 12b) in Fig. 1 ; the oper- 
ation timings of the respective switches (®), to the 
operation timings of the switches Swi to SwM (or Swi 
to SwN), incorporated in the switching circuit 1 8 (or 1 7), 
and connected to the terminals DX1 to DXM (or DY1 to 
DYN) of the respective lines; and the output waveforms 
of the line selector (®). to the output waveforms of the 
switching circuit 18 (or 17) to the terminals DX1 to DXM 
(or DY1 to DYN) of the respective lines. 

In the present errtxxJiment, activation processing 
similar to tfiat of the fourth embodiment is performed 
except that tiie pulse-generating power sources 1 1 12a 
and 1112b and the switching circuits 17 and 18 in Fig. 
19 operate in accordance with the above timings. 

As descriljed above, the present enf*odiment per- 
forms activation in line units and activation in column 
units, thus attains uniform electi^on-emitting characteris- 
tics of the mafrix-wired SCE type electron-emitting 
devices. 

The first activation process, which takes compara- 
tively a long time, is performed in row/column units in 
accordance with the number of rows/columns, i.e., any 
of rows and columns of a smaller number. This reduces 
tiie total processing time of tf»e first and second activa- 
tion process. 

Further, the present embodiment furtfier reduces 
activation time and uniforms electi^on-ennitting charac- 
teristics of the respective devices by applying activation 
voltage to the SCE type electron-emitting devices wrtiile 
scanning the lines and increasing the number of lines to 
be activated. 

[Eigrnh Embodimemj 

This embodinfient employs the combination of the 
activation method of the first emtxximent with ttie acti- 
vation metfiod of the fifth embodiment. 



In this errt)odiment the operation timings of the 
pulse-generating power sources 1 1 12a and 1 1 12b and 
the switching circuits 17 and 18 in Fig. 19 are different 
ti^om those of tine fifth embodiment. 

5 According to ttie present embodiment in the first 

and second activation processes of tiie fifth embodi- 
ment, the pulse-generating power sources 1112a, 
1112b and the switching circuits 17 and 18 operate in 
accordance with the operation timings of the second 

10 embodinfient as shown in the timing chart of Fig. 3. 

In Rg. 3. the voltage source output waveform «3)) 
corresponds to the output waveform of the pulse-gener- 
ating power source 1112a (or 1112b) in Fig. 19; ttie 
operation timings of ttie respective switches {®), to ttie 

15 operation timings of ttie switches Swi to SwM (or Sw1 
to SwN), incorporated in ttie switching circuit 18 (or 17). 
and connected to the terminals DX1 to DXM and DXV 
to DXM' (or DY1 to DYN) of ttie respective lines; and ttie 
output waveforms of ttie line selector ((g)). to the output 

20 waveforms of the switching circuit 18 (or 1 7) to the ter- 
minals DX1 to DXM (or DY1 to DYN) of ttie respective 
lines. 

In ttie present embodiment, activation processing 
similar to ttiat of ttie fiftti embodiment is perfomied 

25 except that the pulse-generating power sources 1 1 12a 
and 1112b and ttie switching circuits 17 and 18 in Fig. 
19 operate in accordance witti ttie alxve timings. 

As described above, the present embodiment per- 
forms activation in line units and activation in column 

30 units, thus attains uniform electron-emitting characteris- 
tics of ttie matrix-wired SCE type electi-on-emitting 
devices. 

The first activation process, which takes compara- 
tively a long time, is performed in row/column units in 
36 accordance with the nurrber of rows/columns, i.e.. any 
of rows and columns of a smaller number. This reduces 
the total processing time of the first and second activa- 
tion process. 

Further, ttie present embodiment further reduces 
40 activation time and uniforms electron-emitting cfiarac- 
teristics of ttie respective devices by applying activation 
voltage to ttie SCE type elecb-on-emitting devices while 
scanning the lines. 

45 [Modification to Image Display Apparatijs] 

Fig. 26 shows an example of a multifunction image 
apparatijs where a display panel, using an electron- 
b>eam source witti a plurality of activation-processed 
50 SCE type electi^on-emitting devices, displays image 
information provided ti-om various image information 
sources such as television broadcasting. 

In Fig 26, numeral 2100 denotes a display panel; 
^^u^.a oriver ot tne aispiay panet iiiuo; k^iUiJ, a aispiay 
55 controller; 2103. a multiplexor; 2104, a decoder; 2105. 
an input-output interface (l/F) circuit; 2106, a CPU; 
2107, an image generator; 2108 to 2110, image mem- 
ory interface (l/F) circuit; 21 1 1 , an image input interface 
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(l/F) circuit; 2112 and 2113, TV signal receivers; and 
2114, an input unit. 

Note ttiat in a case wtiere ttie display apparatus has 
received a signal including tx>th video information and 
audio information, such as a television signal, it repro- 
duces video images and sound simultaneously In this 
case, explanations of circuits and a speaker for recep- 
tion, separation, reproduction, processing and storing 
regarding the audio information will be omitted sirx;e 
tfiose components are not directly related with the fea- 
ture of the present invention. 

Next the functions of the respective components 
will be described t>elow in accordance with the fbw of 
image signal. 

The TV signal receiver 21 1 3 receives TV image sig- 
nals transmitted via a wrireless transmission system 
such as electric wave transmission or space optical 
transmission. There is no limitation to standards of the 
TV signal to be received. The TV signals are transmitted 
in accordance with. e.g.. NTSC standards. PAL stand- 
ards, or SECm standards. Further, a TV signal having 
scanning lines more ttian those in the above television 
standards (e.g., so-called high-qualtty TV such as 
MUSE standards) is a preferatde signal source for utiliz- 
ing ttie advantageous feature of the display panel appli- 
catile to a large display screen and numerous pixels. 
The TV signal received by the TV signal receiver 21 13 
is outputted to the decoder 2104. 

The TV signal receiver 21 12 receives the TV signal 
transmitted via a cat»le transmission system such as a 
coaxial cable system or a optical ttoer system. Similar to 
the TV signal receiver 2113, ttiere is no limitation to 
standards of the TV signal to be received. Also, the TV 
signal received by the TV signal receiver 21 12 is output- 
ted to the decoder 2104. 

Further, the image input l/F circuit 2111 receives 
image signals sif)plied from image input devices such 
as a TV camera or an image reading scanner. Also, the 
read inrage signal is outputted to the decoder 2104. 

The image memory l/F circuit 2110 inputs image 
signals stored in a video tape recorder (VTR). Also, the 
irput image signals are outputted to the decoder 2104. 

The image memory l/F circuit 2109 inputs image 
signals stored in a video disk. Also, the input image sig- 
nals are outputted to the decoder 21 04. 

The image memory l/F circuit 2108 inputs image 
signals from a device holding still-picture image data 
(e.g.. so-called still-picture disk). Also, the input still-pic- 
ture image data are outputted to the decoder 2104. 

The input-output l/F circuit 2105 connects the dis- 
play apparatus to an external computer, a corrputer net- 
work or an output device such as a printer. The input- 
output l/F circuit 2105 operates for input/output of image 
data, character information and figure information, and 
for input/output of control signals and numerical data 
between the CPU 2106 and an external device. 

The image generator 21 07 generates display image 
data based on image data, character information and 
figure information inputted from an ext rnal device via 



the input-output l/F circuit 2105 or image data, ctiarac- 
ter information or figure infornnation outputted from tine 
CPU 2106. The inf«ge generator 2107 tias circuits nec- 
essary for image generation such as a rewritatale mem- 

5 ory for storing image data, character information and 
figure infornnation, a ROM in which image patterns cor- 
responding to character codes are stored and a proces- 
sor for image processing. 

The display image data generated by the image 

)o generator 2107 is outputted to the decoder 2104. how- 
ever, it may t>e outputted to the external computer net- 
work or the printer via the input-output l/F circuit 2105. 

The CPU 2106 mainly controls tfie operation of tiie 
display apparatus and operations concerning genera- 

15 tion. selection and editing of display images. 

For example, the CPU 2106 outputs control signals 
to the nmltiplexor 2103 to appropriately select or com- 
bining image signals for display on the dsplay panel. At 
this tinfie, it generates control signals to the display 

20 panel controller 2 1 02 to appropriately control a display 
frequerKy, a scanning metfrad (e.g.. interlaced scan- 
ning or non-interlaced scanning) and the number of 
scanning lines in one screen. 

Further, the CPU 2106 directly outputs image data. 

25 ctiaracter information and figure information to the 
image generator 2107, or it accesses the external com- 
puter or menrxxy via the input-output l/F circuit 2105. to 
input image data, character infornnation and figure infor- 
mation. 

30 Note that the CPU 2106 may operate tor other pur- 
poses; e.g.. like a personal computer or a vrard proces- 
sor, it may directly generate and process information. 

Othenwise, the CPU 2106 may be connected to the 
external computer netiwork via the input-output l/F ctr- 

35 cuit 2105, to cooperate wnth an external device in. e.g.. 
numerical calculation. 

The input unit 2114 is used for a user to input 
instructions, pro-ams and data into the CPU 2106. The 
input unit 2114 can comprise various input devices such 

40 as a joy stick, a bar-code reader or a speech recognition 
device as well as a keytx)ard and a mouse. 

The decoder 2104 converts various image signals, 
inputted from the image generator 2107. the TV signal 
receiver 21 13 and the like, into three-primary-cotor sig- 

45 nals, or luminance signals and I and Q signals, /te indi- 
cated with a dotted line in Fig. 26, the decoder 2104 
preferably comprises an image menxxy. since reverse- 
corrversion of TV signals t>ased on standards of numer- 
ous scanning lines, such as MUSE standards, requires 

50 an image memory. Further, the image mennory enatrfes 
the decoder 2104 to easily perform image processing 
such as thinning, interpolation, enlargement, reduction 
and synthesizing, and editing, in cooperation with the 
image generator 2107 and th CPU 2106. 

55 The multiplexor 2103 appropriately selects a dis- 
play image biased on a corrtrol signal inputted from the 
CPU 2106. That is, the multiplexor 2103 selects a 
desired image signal from reverse-converted image sig- 
nals inputted from the decoder 2104, and outputs the 
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selected image signal to the driver 2101. In this case, 
the multiplexcx 2103 can realize so-called nrxjltiwindow 
television, where the screen is divided into plural areas 
and plural iniages are displayed at the respective image 
areas, by selectively switching image signals within dis- 5 
play period for one image frame. 

The display panel controller 2102 controls the 
driver 2101 based on control signals inputted from the 
CPU 2106. 

Concerning the t>asic operations of the display 10 
panel, the display panel controller 21 02 outputs a signal 
to control the operation sequence of the power (not 
shown) for driving the display panel to the driver 2101. 

Further, concerning the driving of the display panel, 
the display panel controller 21 02 outputs signals to con- is 
trol a display frequency and a scanning method (e.g., 
interlaced scanning or non-interlaced scanning) to the 
driver 2101. 

In some cases, the display panel controller 2101 
outputs control signals concerning image-quality adjust- 20 
ment such as luminance, contrast, tonality and sharp- 
ness to the driver 2101 . 

The driver 2101 generates drive signals applied to 
the display panel 2100. The driver 2101 operates based 
on image signals inputted from the multiplexor 21 03 and 25 
control signals inputted from the display panel controller 
2102. 

The functions of the respective components are as 
described above. The construction shown in Fig. 26 can 
display image information inputted from various image 30 
infomiation sources on the display panel 2100. 

That is, various image signals such as TV signals 
are reverse-converted by the decoder 2104, arxJ appro- 
priately selected by the multiplexor 2103, then inputted 
into the driver 2101. On the other hand, the display 35 
panel controller 2102 generates control signals to con- 
trol the operation of the driver 2101 in accordance with 
the display image signals. The driver 2101 applies drive 
signals to the display panel 2100 based on the image 
signals and the control signals. 

Thus, images are displayed on the display panel 
2100. The series of these operations are made under 
control of the CPU 2106. 

As the present display apparatus uses the image 
memory included in the decoder 2104, the image gen- 45 
erator 2107 and the CPU 2106, it can not only display 
images selected from plural image informatior^, but 
also perform image processing such as enlargement, 
reduction, rotation, movement, edge emphasis, thin- 
ning, interpolation, color conversion, resolution conver- so 
sion. and image editing such as synthesizing, deletion, 
combining, replacement, insertion, on display image 
InfornrHtion. Although not especially descrit>ed in the 
abov embodiments, similar to tt>e image processing 
and image editing, circuits for processing and editing 55 
audio information may be provided. 

The present display apparatus can realize functions 
of various devices, e.g., a TV txoadcasting display 
device, a teleconferenc terminal device, an image edit- 



ing device for still-pictures and moving pictures, an 
office-work terminal device such as a computer terminal 
or a vwKd processor, a game machine etc. Accordingly, 
the present display apparatus has a wide application 
range for industrial and private use. 

Note that Fig. 26 merely shows one example of the 
construction of the display apparatus using the display 
panel having an electron t>eam source comprising the 
SCE type electron-emitting devices of the present 
invention, but this does not pose any limitation on the 
present invention. For example, in Fig. 26, circuits 
unnecessary for some use may be omitted. Contrary, 
components may be added for some pirpose. For 
example, if the present cfisplay apparatus is used as a 
visual telephone, preferably, a TV camera, a micro- 
phone, an illumination device, a transceiver including a 
modem may be added. 

In the present display apparatus, as the display 
panel having the electron beam comprising the SCE 
type electron-emitting devices can be thin, the depth of 
the overall display apparatus can be reduced. In addi- 
tion, as the display panel can be easily enlarged, further 
it fias high luminance and wide view angle, the present 
display apparatus can display vivid images with realism 
and impressiveness. 

As described atxjve, the present invention can 
increase the emission current le of the electron-t>eam 
source having a plurality of electron-emitting devices, 
and reduce processing time for increasing the le. Fur- 
ther, the present invention can uniform the electron- 
emitting characteristics of the electron-emitting devices. 
Furthermore, the present invention can improve lumi- 
nar>ce of an image forming apparatus using ttie elec- 
tron-beam source and mitigate dispersfon of spotted 
luminance, thus realize a high-quality image forming 
apparatus. 

The present invention can be applied to a system 
constituted by a plurality of devices or to an apparatus 
comprising a single device. 

Furthermore, the invention is also applicable to a 
case where the invention is embodied by supplying a 
program to a system or apparatus. In this case, a stor- 
age medium, storing a program according to the inven- 
tion, constitutes the invention. The system or apparatus 
installed with the program read from the medium real- 
izes the functions according to the invention. 

The present invention is not limited to the atx>ve 
embodiments and various changes and nrwdifications 
can be made witNn the spirit and scope of the present 
invention. Therefore, to apprise the put>lic of the scope 
of the present invention, the following claims are made. 

Claims 

1. An electron-beam source manufacturing method 
characterized b)y comprising an activation step of 
generating (3, S12, S21 . S15, S24) activation mate- 
rial at a plurality of electrofvemitting devices, by 
cividing the plurality of electron-emitting devices 
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into plural groups and sequentially applying voltage 
to each group. 

2. The electron-beam source manufacturing mettiod 
according to daim 1 , wtierein the sequential appli- 5 
cation of voltage to each group is repeated plural 
times. 

3. The electron-beam source manufacturing method 
according to daim 1 , wherein the voltage applied to io 
each group has a plurality of voltage pulses, and 
wherein during an interval of pulses applied to one 
group, pulse application is made to other groups. 

4. The electron-beam source manufacturing method is 
according to cfaim 1, wherein in each group, the 
plurality of electron-emitting devices are arranged 
with a common wire, and wherein the application of 
voltage is made from both ends of the common 



plurality of row-direction wires and a plurality of col- 
umn-direction wires, arxl wherein the application of 
voltage to the plurality of electron-emitting devices 
is sequentially made by each column-direction wire. 

12. The electron-beam source manufacturing method 
according to claim 11, wherein the application of 
voltage sequentially made by each column-direc- 
tion wire is repeated plural times. 

13. The electron-fc)eam source manufacturing mettxxl 
according to claim 11, wtierein the voltage applied 
to each column-direction wire has a plurality of volt- 
age pulses, and wherein during an interval of 
pulses applied to one wire, pulse application is 
made to other wires. 

14. The electron-beam source manufacturing method 
according to daim 1 1, the application of voltage is 
made from one end of the column-direction wire. 



5. The electron-beam source marxjfacturing method 
according to daim 1, wherein in each group, the 
plurality of electron-emitting devices are arranged 
with a comnx>n wire, and wherein the application of 25 
voltage is made from one end of the common wire. 

6. The eleclron-t)eam source manufacturing method 
according to daim 1, wherein the plurality of elec- 
tron-emitting devices are wired in a matrix with a 30 
plurality of row-direction wires and a plurality of col- 
umn-direction wires, and wherein the ^splication of 
voltage to the plurality of electron-emitting devices 

is sequentially made by each row-direction wire. 

7. The electron-beam source manufacturing method 
according to cfaim 6, wherein the application of volt- 
age sequentially made by each row-direction wire is 
repeated plural times. 

40 

8. The electron-beam source manufacturing method 
according to daim 6, wherein the voltage applied to 
each row-direction wire has a plurality of vdfage 
pulses, and wherein during an interval of pulses 
applied to one wire, pulse application is made to 4s 
other wires. 

9. The electron-beam source manufacturing method 
according to cfaim 6, wherein the application of volt- 
age is made from both ends of the row-direction so 
wire. 

10. The electi^on-tjeam source manufacturing mettiod 
according to cfaim 6, wherein the application of volt- 
age is made from one end of the row-direction wire, ss 

11. The electron-beam source manufacturing method 
according to daim 1, wherein the plurality of elec- 
tron-emitting devices are wired in a matrix with a 



15. The electron-beam source manufacturing method 
according to daim 1 . wherein said activation step 
indudes a first activation step of generating activa- 
tion materfal at the plurality of elecb^on-emitting 
devices by dividing the electron-emitting devices 
into a plurality of first groups and sequentially 
applying voltage to each first group, and a second 
activation step of generating activation materfal at 
the plurality of electron-emitting devices by dividing 
the electron-emitting devices into a plurality of sec- 
ond ^oups and sequentially applying voltage to 
each second group. 

16. The electron-beam source manufacturing metfxxf 
according to cfaim 15, wherein said activation step 
is performed while detecting emission current of the 
electron-emitting devices. 

17. The electron-beam source marxifacturing metfxxl 
according to cfaim 15, wherein said activation step 
is completed when saturation of the emission cur- 
rent of the electron-emitting devices is detected. 

18. The electron-beam source manufacturing mettxxj 
according to daim 15, wherein the number of elec- 
ti-on-emitting devices of each of ttie first groups is 
greater than thial of each of the second ^oups, arxf 
wherein tiie first activation step is performed before 
the second activation step. 

19. The electron-beam source manufacturing mettxxl 
according to claim 15, wherein at the first and sec- 
ond adivation steps, the application of voltage 
sequentially made by each group is repeated plural 
times 

20. The eledron-beam source manufacturing method 
according to claim 15, wherein at the first and sec- 



19 



EP 0 726 591 A1 



38 



ond activation steps, the voltage applied to each 
group has a plurality of voltage pulses, and wherein 
during an interval of pulses applied to one group, 
pulse application is made to other groups. 

21 . The electron-t>eam source manufacturing method 
according to claim 15, \wherein in each of the first 
and second groups, the plurality of electron-emit- 
ting devices are arranged with a common wire, and 
wherein the application of voltage is made from 
txjth ends of the common wire. 

22. The electron-t)eam source manufacturing method 
according to claim 15, wherein in each of the first 
and second groups, the plurality of electron-emit- 
ting devices are arranged with a common wire, and 
wherein the application of voltage is made from one 
end of the conmon wire. 

23. The electron-beam source manufacturing method 
according to claim 15, wherein in each of the first 
and second groups, the plurality of electron-emit- 
ting devices are wired in a matrix with a plurality of 
row-direction wires and a plurality of column-direc- 
tion wires, and wherein the application of voltage at 
the first activation step is sequentially made by 
each row-cfirection wire, and the application of volt- 
age at the second activation step is sequentially 
made t)y each column-direction wire. 

24. The electron-beam source manufacturing method 
according to daim 23, wherein said activation step 
is performed while detecting emission current of the 
electron-emitting devices. 

25. The electron-beam source manufacturing method 
according to daim 23. wherein said activation step 
is completed when saturation of the emission cur- 
rent of the electron-emitting devices is detected. 

26. The electron-beam source manufacturing metfKxl 
according to claim 23, wherein the number of col- 
umn-direclion wires is greater than ttiat of row- 
direction wires, and wherein the first activation step 
is performed tjefore the second activation step. 

27. The electron-beam source manufacturing method 
according to daim 23. wherein at the first and sec- 
ond activation steps, the application of voltage 
sequentially made by each row-direction wire or 
each column-direction wire is repeated plural times. 

28. The electron-beam source manufacturing method 
according to daim 23, wherein at the first and sec- 
ond activation steps, the voltage applied to each 
row-direction wire or column-direction wire has a 
plurality of voltage pulses, and wtierein during an 
interval ot pulses applied to one wire, pulse applica- 
tion is made to other wires. 



29. The electron-t>eam source manufacturing method 
according to daim 23. wherein at any of the first 
and second activation steps, the application c« volt- 
age is made from both ends of the row-direction 

5 wire or column-direction wire. 

30. The electron-l>eam source manufacturing method 
according to daim 23, wherein at any of the first 
arxJ second activation steps, the application o* vott- 

10 age is made from one end of the row-direction wire 
or column-direction wire. 

31. A method for manufacturing an image forming 
apparatus wtiich comprises an image forming unit 

15 for forming an image tjy irradiation of electron 
beams from an electron-beam source having a plu- 
rality of electron-emitting devices, 

characterized in tfiat said electron-beam 
source is manufactured in accordance with any of 
20 mettKXte in claims 1 to 30. 

32. The method according to daim 31 , wherein said 
image forming unit indudes a fluorescent member. 

25 33. An electron-beam source activation method for acti- 
vating an electron-beam source having a plurality of 
electron-emitting devices characterized by compris- 
ing an activation step of generating activation mate- 
rial at a plurality of electrorvemitting devices, tjy 
30 dividing the plurality of electron-emitting devices 
into plural groups and sequentially applying voltage 
to each group. 

34. The electron-beam source activation method 
35 according to daim 33, wherein the sequential appli - 

cation of voltage to each group is repeated plural 
times. 

35. The electron-beam source activation method 
according to claim 33, wtierein ttie vdtage applied 
to each group has a plurality of voltage pulses, and 
wherein during an interval of pulses applied to one 
group, pulse application is made to other groups. 

36. The electron-t)eam source activation method 
according to daim 33, wherein in each group, the 
plurality of electron-emitting devices are arranged 
with a common wire, and wherein the application of 
voltage is made from txith ends ot the common 

37. The electron-t>eam source activation method 
according to daim 33, wherein in each group, the 
plurality of electron-emitting devices are arranged 
with a common wire, and wherein the application of 
voltage is made from one end of the common wire 

38. The electron-t>eam source activation method 
according to claim 33, wherein said activation step 
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includes a first voltage application step of dividing 
the plurality of electron-emitting devices into a plu- 
rality of first groups and sequentially applying volt- 
age to eacfi first group, and a secorxJ activation 
step of dividing the plurality of electron-emitting 5 
devices into a plurality of second groups and 
sequerrtially applying voltage to each second 
group. 

39. The electron-beam source activation method 10 
according to claim 38, wherein said activation step 

is performed while detecting emission current of the 
electron-emitting devices. 

40. The electron-beam source activation metfxxj is 
according to daim 38, wherein said activation step 

is completed when saturation of the emission cur- 
rent of the electron-emitting devices is detected. 

41. The electron-beam source activation method 20 
according to claim 38, wherein ttie number of elec- 
tron-emitting devices of each of the first groups is 
greater than tfiat of each of the second groups, and 
wherein the first activation step is performed before 
the second activation step. 2s 

42. The electron-beam source activation method 
according to daim 38, wherein at the first and sec- 
ond activation steps, the application of voltage 
sequentially made by each group is repeated plural 30 
times. 

43. The electron-beam source activation method 
according to daim 38, wherein at the first and sec- 
ond activation steps, the voltage applied to each ss 
group has a plurality of vottage pulses, and wherein 
during an interval of pulses applied to one group, 
pulse application is made to other groups. 

44. The electron-beam source activation method 40 
according to claim 38, wherein in each of the first 
and second groups, the plurality of electron-emit- 
ting devices are arranged with a common wire, and 
wherein the application of voltage is made from 
txjth erxte of the common wire. 45 

45. The electron-ljeam source activation method 
according to claim 38, wherein in each of the first 
and second groups, the plurality of electron-emit- 
ting devices are arranged with a common wire, and so 
wherein the application of voltage is made from one 
end of the common wire. 

46. An electron-beam source manufacturing method 
which indudes: ss 

produdng a pair of electrodes and a conduc- 
tive thin-film spanning said pair of electrodes; 

forming an electron emissive region in said 
corxJuctive thin film by applying a vottage differerx;e 



between said electrodes; and 

activating said electron emissive region by 
applying a voltage difference between said elec- 
trodes in a low pressure ambient inclusive of 
organic or other cartxxiaceous material, whereby 
cartxxi is deposited at said electron emissive 
region. 

47. An electron beam source comprising: 
a pair of electrodes; 

a conductive thin film spanning said pair of 
electrodes; 

an electron emissive region of fissured struc- 
ture defined in said conductive thin f im in a region 
thereof tjetween said electrodes; and 

a cartx>n deposit disposed at said electron 
emissive region. 
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